Edited by C. Rizzoli, Universita degli Studi di Parma, Italy Keywords: crystal structure; weak C-HÁ Á ÁO and C-HÁ Á ÁCl interactions.
In the title compound, C 23 H 25 ClO 4 , the cyclohexane ring adopts a chair conformation with the 4-methoxyphenyl substituent in an axial position and the chloro(4-methoxyphenyl)methyl substituent in an equatorial position. The packing features inversion dimers formed by pairs of C-HÁ Á ÁO contacts and strands along [100] and [010] established by further C-HÁ Á ÁO and C-HÁ Á ÁCl contacts, respectively.
Chemical context
Iodonium ylides, a subclass of hypervalent iodine compounds (Zhdankin & Stang, 2008) , have a variety of synthetic applications due to their versatile reactivity pattern. The known transformations of these reagents include decomposition (Moriarty et al., 2008; Lee & Jung, 2002) in various solvents, transylidation reactions (Hadjiarapoglou & Varvoglis, 1988) , C-H insertion reactions (Adam et al., 2003; Batsila et al., 2003) and intra-and intermolecular cycloaddition reactions under photochemical, thermal, or metal-catalysed activation (Goudreau et al., 2009) . During our studies on the reactions of iodonium ylides with stabilized carbenium ions, we obtained the title compound, the structure of which provides valuable information on the mechanism of these reactions that will be discussed in a separate paper.
Structural commentary
The title compound (Fig. 1) comprises three six-membered rings: two benzene rings and a cyclohexane ring adopting a chair-conformation, with puckering amplitude Q = 0.5247 (19) Å and = 167.6 (2) (Boeyens, 1978; Cremer & Pople, 1975) . The maximum deviation from the mean plane is 0.269 (2) Å for atom C5. The 4-methoxyphenyl substituent is ISSN 2056-9890 in an axial position, while the chloro(4-methoxyphenyl)methyl substituent is in an equatorial position. As expected, the two keto-C atoms are substituted in a trigonal-planar fashion. The C1-Cl1 bond is almost parallel to the axial C5-C8 bond (methyl substituent) with a C8-C5-C1-Cl1 torsion angle of À5.88 (11) . The methyl C16 and the methoxy C23 carbon atoms have maximum deviations from the respective benzene rings, C10-C16 and C17-C22, of 0.085 (2) and 0.057 (2) Å , respectively, and hence are almost coplanar with them. The two benzene rings are inclined to one another by 41.38 (6) and to the mean plane of the cyclohexane ring by 75.27 (9) and 43.40 (8) , respectively.
Supramolecular features
The packing of the title compound manifests weak C-HÁ Á ÁO and C-HÁ Á ÁCl contacts (Table 1) , while -stacking and C-HÁ Á Á interactions are not present. Pairs of contacts of the type C14-H14Á Á ÁO2 between the benzene ring and a ketogroup lead to the formation of inversion dimers with an R 2 2 (14) ring motif (Fig. 2 ). Strands along [010] are established by weak C8-H8CÁ Á ÁCl1 contacts between the axial-oriented methyl substituent of the cyclohexane ring and the chloro substituent ( Fig. 3 ). Finally, strands along [100] are formed by C19-H19Á Á ÁO3 contacts between the benzene ring (C17-C22) and the methoxy group on benzene ring C10-C16 (Fig. 4 ). The full packing including cell outlines is shown in Fig. 5 .
Database survey
A CSD database (Version 5.36; Groom & Allen, 2014) search has been conducted for the three structure fragments A, B and C depicted in the following scheme.
Figure 1
The molecular structure of the title compound. Displacement ellipsoids are drawn at the 50% probability level.
Figure 2
A view of the inversion dimer formed by a pair of weak C-HÁ Á ÁO contacts (blue dotted lines).
Figure 3
A view of the strands along [010] formed by weak C-HÁ Á ÁCl contacts (orange dotted lines). Symmetry codes: (i) Àx À 1 2 ; y þ 1 2 ; Àz þ 1 2 ; (ii) Àx; Ày þ 2; Àz þ 1; (iii) x À 1; y; z.
The search for fragment A yielded 21 hits; however, in 20 of them the cyclohexane ring is part of an annulated ring system and in the remaining hit it is part of a spiro-compound. Since none of the hits is really closely related to the title compound, they are not cited in detail. The search for fragment B led to six hits with the CSD refcodes CBZPOX (Noordik & Cillissen, 1981) , IYISAL (Sparr & Gilmour, 2011) , PAQKAV (Nair et al., 2012) , POMZOH (Unruh et al., 2008) , UREKEI (Betz et al., 2011) and YUZPOZ (Kalyani et al., 2010) . Finally, the search for fragment C comprising the 5,5-dimethylcyclohexane-1,3-dione moiety produced 25 hits. In merely two of them fragment C is part of a non-spiro compound comparable to the title compound: CSD refcodes CETMCD (Roques et al., 1976) and FAWDEM (Ochiai et al., 1986) .
Synthesis and crystallization
Zinc chloride (114.2 mg, 699 mmol), tetrabutylammonium chloride (190.2 mg, 684 mmol), diethyl ether (0.10 ml) and phenyliodonium-4,4-dimethylcyclohexane-2,6-dione (568.6 mg, 1.66 mmol) were dissolved in dichloromethane (6 ml) and cooled to 195 K. Then 4,4 0 -dimethoxybenzhydryl chloride (417.2 mg, 1.59 mmol) in dichloromethane (4 ml 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All H atoms were positioned geometrically (C-H = 0.98 Å for methyl-H, 0.99 Å for C-H 2 , 1.00 Å for aliphatic C-H, 0.95 Å for aromatic H) and treated as riding on their parent atoms, with U iso (H) = 1.2U eq (C) or 1.5U eq (C) for methyl H atoms. The methyl groups were allowed to rotate along the C-C bonds to best fit the experimental electron density. Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (2) O1 0.0347 (7) 0.0273 (7) 0.0327 (7) 0.0070 (5) 0.0017 (5) −0.0067 (6) C1 0.0197 (8) 0.0210 (9) 0.0334 (10) 0.0007 (6) 0.0014 (7) 0.0008 (7) O2 0.0245 (6) 0.0263 (7) 0.0330 (7) 0.0066 (5) 0.0108 (5) 0.0034 (5) C2 0.0195 (8) 0.0191 (8) 0.0262 (9) 0.0021 (6) 0.0043 (7) −0.0014 (7) O3 0.0231 (6) 0.0311 (7) 0.0286 (7) 0.0003 (5) 0.0014 (5) −0.0054 (5) C3 0.0177 (8) 0.0268 (9) 0.0273 (9) 0.0049 (7) −0.0007 (7) −0.0039 (8) O4
2-[Chloro
0.0291 (7) 0.0366 (8) 0.0349 (7) 0.0034 (5) 0.0129 (5) 0.0039 (6) C4 0.0215 (9) 0.0349 (10) 0.0286 (9) 0.0046 (7) 0.0068 (7) −0.0031 (8) C5
0.0231 (9) 0.0252 (9) 0.0279 (9) 0.0013 (7) 0.0074 (7) −0.0001 (7) C6 0.0248 (9) 0.0213 (9) 0.0291 (9) 0.0006 (7) 0.0066 (7) 0.0015 (7) C7 0.0222 (8) 0.0207 (8) 0.0220 (8) 0.0000 (7) 0.0024 (6) −0.0031 (7) C8 0.0292 (10) 0.0283 (10) 0.0312 (10) 0.0038 (7) 0.0016 (7) −0.0010 (8) C9 0.0350 (11) 0.0382 (11) 0.0361 (11) −0.0019 (8) 0.0138 (8) 0.0041 (9) C10 0.0208 (8) 0.0205 (8) 0.0240 (8) −0.0004 (6) 0.0064 (6) 0.0011 (7) C11 0.0260 (9) 0.0217 (9) 0.0267 (9) 0.0038 (7) 0.0076 (7) −0.0037 (7) C12 0.0203 (8) 0.0260 (9) 0.0310 (9) 0.0041 (7) 0.0049 (7) −0.0018 (8) C13
0.0219 (8) 0.0239 (9) 0.0222 (8) −0.0018 (7) 0.0050 (6) 0.0019 (7) C14 0.0269 (9) 0.0206 (8) 0.0251 (9) 0.0006 (7) 0.0082 (7) −0.0032 (7) C15 0.0213 (8) 0.0234 (9) 0.0268 (9) 0.0034 (7) 0.0073 (7) −0.0017 (7) C16 0.0308 (10) 0.0321 (10) 0.0279 (9) −0.0026 (8) 0.0015 (7) −0.0053 (8) C17
0.0214 (8) 0.0194 (8) 0.0331 (10) −0.0018 (7) 0.0053 (7) 0.0044 (7) C18 0.0206 (9) 0.0298 (10) 0.0376 (10) 0.0027 (7) 0.0069 (7) 0.0105 (8) C19
0.0231 (9) 0.0322 (10) 0.0416 (11) 0.0072 (7) 0.0144 (8) 0.0103 (9) C20 0.0251 (9) 0.0227 (9) 0.0329 (10) −0.0024 (7) 0.0118 (7) 0.0042 (8) C21
0.0212 (9) 0.0250 (9) 0.0334 (10) 0.0014 (7) 0.0044 (7) 0.0054 (8) C22 0.0192 (8) 0.0230 (9) 0.0368 (10) 0.0027 (7) 0.0068 (7) 0.0012 (8) (15) 
